INTRODUCTION
The peritoneal cavity encounters and responds to damaging cell types, microorganisms, and foreign antigens, which include ovarian cancer metastases, intraperitonal infection, peritoneal dialysis, and endometriosis. It is lined with an epithelial monolayer, the mesothelium, formed by human peritoneal mesothelial cells (HPMCs) and contains resident and migratory immunological cells -macrophages, T cells, and natural killer (NK) cells. 1 Historically, it was thought innate immune cells provided the first line of defense, but evidence suggests HPMCs may have a significant immunological role. 2 Under certain conditions, non-immune cell types such as fibroblasts 3 and endothelial cells 4 display immune functions including release of pro-inflammatory cytokines and chemokines, phagocytosis of particles and microorganisms, and antigen presentation. Some recent reports indicate that HPMCs have antigen presenting capacity, phagocytic activity, 5, 6 and can express Major Histocompatibility Complex (MHC) class II and intracellular adhesion molecule (ICAM). 7, 8 Herein we report that HPMCs show the classical properties of accessory cells for Tcell responses -phagocytic activity, induction of MHC II, and expression of accessory molecules ICAM-1, LFA-3, and B7-1. Functionally, HPMCs were capable of recall antigeninduced autologous T cell activation, represented by T lymphocyte proliferation.
MATERIALS AND METHODS
All reagents are from Sigma Aldrich (Poole, UK) unless stated otherwise.
Primary HPMCs (passage 2-4), derived from normal human omentum biopsies (study approved by local Research Ethics Committee) were maintained as described. Abcam, UK). Horseradish peroxidase-conjugated secondary antibodies were used, and results
were visualised using a Bio-Rad ChemiDoc MP system. 
RESULTS

Incorporation of FITC-dextran, latex beads, and E. coli by HPMC
To investigate phagocytic capabilities, HPMC were incubated with fluorescentlytagged dextran particles or polystyrene latex beads (Fig. 1A) . Flow cytometry revealed strong fluorescent signal in ~80% of cells incubated with FITC-dextran for 30min, and in ~50% of cells incubated with latex beads, whereas there was minimal uptake in cells incubated on ice.
Time-course analysis of incorporation of latex beads showed that mean fluorescent intensity (MFI) fluctuated at baseline levels for 2h, then significantly increased, at which time the percentage of cells having engulfed beads also increased, again peaking near 50% at the BRIEF REPORT conclusion of the 24h experiment (Fig. 1B) . This heterogeneity in phagocytic capabilities was observed to a comparable extent in the HMrSV5 mesothelial cell line, as well as THP-1 and HUVEC cells (Fig. 1C) . Mouse ovarian surface epithelial cells and the SKOV3 ovarian cancer cell line however, were much more uniformly capable of engulfment (~90%, Fig 1C) .
Confocal and EM were used to verify that HPMCs had internalised the particles ( Fig. 1D,   EM ; Fig. 1E , confocal microscopy).
To further understand the phagocytic mechanisms of HPMCs, cells were first analysed by flow cytometry for the expression of human immunoglobulin Fcγ receptors. None of our HPMC cells expressed detectable levels of CD16 (FcRIII), CD32 (FcRII), or CD64
(FcRI)(data not shown), and when E. coli were pre-opsonised with 10% pooled human serum the rate of phagocytosis was unchanged (data not shown). Also, cells were negative for mannose receptor (a C-type lectin that also mediates pre-phagocytosis binding; 11 data not shown), suggesting alternative machinery is responsible for the uptake.
To investigate the ability of HPMCs to provide antigen specific signals for the activation of naïve T cells we studied the membrane expression of MHC molecules by FC and C-ELISA. High levels of cell surface MHC I (HLA-A,B,C) were demonstrated in resting HPMCs, whereas MHC II (HLA-DP,DR,DQ) expression was not detected in the basal state ( Fig. 2A) . However, HLA-DP,DR,DQ was induced by pre-treatment with 100 U/ml of IFN-γ for 72h, but not by TNF-α, IL-1β or LPS (Fig. 2B) . Fig. 2D) and was concentration-dependent (Fig. 2E) . Western blotting indicated that ICAM-1 induction by IFN-γ occurred to a comparable extent in other similar cell lineages, HUVECs and SKOV3, when considered alongside HMrSV5 (Fig. 2F ).
The potential of normal HPMCs to present antigen was evaluated with an autologous T cell proliferation assay. HPMCs were co-cultured with autologous CD3+ T lymphocytes purified from the peripheral blood of PPD immunized individuals. These cells induced HPMC proliferation ([ 3 H]thymidine-incorporation) in response to recall antigen (PPD) in a cell ratiodependent manner, which at the highest HPMC:T cell ratio of 1:10 was significantly enhanced relative to the control without PPD (Fig. 2G) .
DISCUSSION
Intraperitoneal cancer, surgery, and infection can breach the sterile homeostatic environment of the peritoneal cavity; accordingly, there are a number of defense mechanisms.
In addition to the immune cells in the peritoneal fluid, the peritoneal monolayer (HPMCs) also provide a line of defense: it is a semi-permeable physical barrier, with anti-inflammatory activity. 12 Intuitively, HPMCs should have an immunological role, and we and others have shown that they can produce many immunomodulatory cytokines and growth factors. 13 Our data now add to other evidence that HPMCs are phagocytic and have many of the features of a non-professional antigen-presenting cell (APC).
The phagocytic activity of HPMCs substantiate other reports that HPMCs can engulf microorganisms and apoptotic cancer cells. Phagocytosis is a receptor-mediated process initiated when a foreign particle binds to an opsonin receptor such as Fcγ or CR3. 11 Alternatively, there are opsonin-independent mechanisms including C-type lectin mediated binding. 11 As reported by others, 6, 14 Fcγ receptor expression was undetectable on HMPC cultures, and correspondingly, opsonisation did not enhance particle uptake. Mannose receptor expression was also undetectable; however, other non-opsonin receptors (e.g. Stab2, Axl, Tyro3) were identified to be expressed by HPMCs by Wagner et al. 6 These alternative strategies used by nonprofessional phagocytes are effective, but likely less efficient with a narrower target particle range.
15
The quantitative level of surface MHC expression is a determinant of antigenpresenting capacity; as expected, we found resting HPMCs constitutively expressed MHC I molecules, but there was no detectable MHC II. However, this could be induced by IFN-γ in a time-and concentration-dependent manner, as reported by Hausmann et al. 7 In contrast, Valle et al reported that some primary cultures do express resting levels, 8 which may reflect the health status of the donor.
A second signal critical for T-cell activation is typically derived from co-stimulatory molecules [e.g. ICAM-1 (CD54), LFA-3 (CD58), and B7-1 (CD80)]. 16 We show that HPMCs constitutively expressed intermediate levels of surface ICAM-1 and LFA-3, and low levels of B7-1. Moreover, ICAM-1 expression was up-regulated by IFN-γ stimulation in a time-and concentration-dependent manner, with minimal influence by TNF-α or IL-1β. This IFN-γ induced enhancement of ICAM-1 has similarly been observed by others in mesothelium, 7, 8 and was shown here to be a feature shared by endothelial and SKOV3 ovarian cancer cells.
Mesothelial LFA-3 and B7-1 expression has not been previously recognised however. 
